Abstract. 2014 The methods of group theory and the algebra of plethysm are used to give a complete symmetry classification of the scalar two-particle operators that have non-vanishing matrix elements in the configurations pn, dn, fn and (d + s)n. The identification of both real and effective interactions having these symmetry properties is discussed.
1. Introduction. -Atomic interactions may always be expanded as a linear combination of a suitable set of products of tensor operators [1] . In the case of LS coupled states the basic one-particle operators are the double tensors : In these operators x is the rank of the spin part of the operator and k the orbital rank. These basic one-particle tensor operators form the building blocks for describing an N-particle interaction. Any twoparticle interaction may be expanded as a linear combination of two-fold products of the Wl,,k) tensors. A typical two-particle tensor operator may be written as :
In the case of scalar two-particle operators K == Q == 0 and x = k. For the sake of simplicity, we shall limit our attention to scalar operators but there is no difficulty whatsoever in extending the theory to include more general operators.
(1) Research The construction of N-particle operators that have well-defined transformation properties under the symmetry operations of the groups used to classify the atomic eigenfunctions can lead to a substantial simplifications in the calculation of the matrix elements of atomic interactions. If the symmetry properties of the basic one-particle tensor operators are known, there is no difficulty in obtaining a symmetry description of any N-particle operator constructed from them [2] .
The number of independent symmetrized N-particle operators that may be constructed from the basic operators and which have, at least, some non-vanishing matrix elements when acting on symmetrized atomic states, is clearly finite due to symmetry restrictions. The symmetrized N-particle operators may be constructed from particular linear combinations of N-fold products of the basic one-particle tensor operators. When the complete set of symmetrized N-particle operators is constructed, any N-particle atomic interaction may in turn be represented as a linear combination of the symmetrized N-particle operators with each operator having well-defined symmetry properties. Thus, if the matrix elements of the symmetrized N-particle operators are known, then the matrix elements of any N-particle atomic interaction may be expressed as a linear combination of these. Our object, in the present paper, is to establish a complete list of the symmetry classifications available for describing the symmetry properties of scalar twoparticle operators. We shall not, however, attempt their explicit construction at this time. The sym -TABLE I metry description of the basic one-particle operators will first be considered and then the symmetry classification of the scalar two-particle operators given for the particular cases of pn, dn, f n and (d -t-S) n configurations. We shall then show that the number of independent symmetrized scalar two-particle operators is not more than the number of independent matrix elements appearing in the energy matrices of the two-electron configuration. Finally, we shall remark upon the identification of both real and effective interactions with the symmetrized scalar two-particle operators.
2. Symmetry description of one-particle tensor operators. - (20), (11), (10) and (00) representations of G2, respectively.
The classification of one-particle double tensor operators for mixed configurations has been discussed by Feneuille [3, 4] . We shall limit our discussion to the (d + S) n configurations. The complete set of double tensors in this case involves the twelve operators Wlxk) (dd), the two operators w(00)(ss) and W(10)(ss) and the four operators w+(x")(ds) and w-(Xk)(ds), where following Feneuille [4] we put :
The W+(,,k) (ds) operators transform according to the antisymmetric states of (d + S)2 while the W-(,,k) (ds) 3. Symmetry classification of scalar two-particle operators for ln configurations. - The symmetry description of N-particle operators may be most readily approached using Littlewood's [5] [6] [7] algebra of plethysm [2] . The basic one-particle double tensors Wlxk) span the {12} and ( 2 ) representations of the unitary group U1112. Two-particle operators formed by products of degree two in these basic forms will transform under U4l+2 according to the representations contained in the separation of the plethysm :
The first term on the right-hand-side of eq. (9) gives the symmetry types that arise in the formation of products of Only operators of even parity will be hermitian and it is convenient to associate a symbol with each symmetry type which shows how the one-particle operators are compounded to form the final even parity operator. To do this, we shall associate the letter g with one-particle operators transforming as ( 1 2 ) under U4,,, and the letter u with those transforming as (2). Thus, the symmetry types arising from 12 1 &#x26; f 2 1 will be labelled gg and those arising from 2 1 (x) { 2 } will be labelled uu... It is also useful to display the plethysm involving the symplectic characters to give further insight into the structure of the final operators. Upon making the appropriate character decompositions, we obtain the final results displayed in tables III to V for pn, dn and fn configurations respectively. The determination of the relevant branching rules, in terms of plethysm, has been discussed by Wybourne and Butler [8] . The [9, 10] . Quasi-spin ranks x may be associated with the various symplectic symmetries by studying decomposition of the representations of R4v into those of SU2 X SP2V. In assigning quasi-spin ranks to the symmetry types associated with N-particle operators we may restrict our attention to those representations of R4. of the type [11-10 -0] having an even number of symbols 1 and not more than 2N [11] . The relevant decompositions appear in 5D . Hence in f n these are just twenty-one independent symmetrized scalar twoparticle operators corresponding to the number of independent matrix elements in f2. Similarly, in pn there are seven independent symmetrized scalar twoparticle operators, in dn fourteen and in (d + S) n thirty. An extreme form of the method of effective interactions would be to treat the independent matrix elements of l2 as independent parameters and add to these the three-particle scalar operators [11, 15] 8 . Conclusion. -A simple method has been presented for determining the symmetry classification of N-particle operators and in particular scalar twoparticle operators. The problem of the explicit construction of these operators remains. Clearly once this has been completed it will then be possible to calculate the matrix elements of the set of independent symmetrized operators and then obtain, at any time, the matrix elements of any scalar two-particle interaction as a linear combination of these basic matrix elements.
